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Reply to written opinio n of March 11, 2005. 

Attached, please find a new set of claims. ^ 

Claim 1 has been amended to include "having a speckle O 
naSern which is a fine grained variation xn J 
ilWn;tion Afferent from mode to mode and/or flash -< 
Jo msh" after "source" in line 2 of the Pre^l; °f 
the originally submitted claim 1. Support for said 
S^enient can be found in the description on pa^- ^ 
line 17-19. Claim 1 has further been amended to 
nomorise "due to said speckle" inserted after 
unSomlty in line 4 of the originally submitted claim 
r SuSort for said amendment can be found on page 1 
in section 3 . 

Claim 4 has been amended to include « having a speckle 
pattern, which is a fine grained variation in 
in^S;tion different from mode to mode and/or flash 
Jo nSh" after ^source" in line 2 of the preamble of 
the originally submitted claim 4. Support for said 
S^encS can'^be found in the description on page 1 
Une 17-19. Claim 4 has further been amended to 
io^^T-iie "due to said speckle" inserted after 
ZWo^ty in line 5 of the originally submitted claim 
r support for said, amendment can be found on page 1 
in section 3 . 

Claim 5 has been amended to include «by using^ a 
SrSally coherent laser source having a speckle 
Sttern which is a fine grained variation in 
?nSn;tion Afferent from mode to mode and/or flash 
Jo flash" after "CD-uniformity" in line 1 of the 
prea^ile of the originally submitted claim 5 Support 
forbid amendment can be found in the description on 
— pa;ge-7L77S_ee-fei-0n— 3^ — — rr. t-tt, : — ■■ — 
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Claim 6-8 have been amended to include "by ^s^ng ^ 
partially coherent laser source having a fPecklc 
Stern which is a fine grained varxatxon in 
S^S;tio^ different fro., mode to mode and/or flash 
to flash" after «CD-unif ormity" xn Ixne 1 of the 
preairtoles of the originally submitted claim 6r8^ 
support for said amendment can be found in the 
description on page 1 section 3. 

Claim 10 has been amended to include "having a speckle 
pattern, which speckle pattern is a fine grained 
?:^dom variation in illumination different from mode 
7Z n,r>riP. and/or flash to flash" after light m line 2 

quDoort for said amendment can be found in the 
dSption on page 1 section 3. Claim 10 has further 
been £niided t? include "said" before "BP-°^3f" 
line 12 of the originally submitted claim 10. Support 
forsiid Lendment can be found in the description on 
page 1 section 3 . 

Claim 18 has been amended to include "having a speckle 
paKSrn, which speckle pattern is a fine grained 
?:ndom 'variation in iH-i-^ion differjat gom mode, 
to mode and/or flash to flash" after light in Ime 2 
of ?he pSaiible of the originally submitted claim 18. 
support fS^ said amendment can be found in the 
deScrlption on page 1 section 3 . Claim 18 has farther 
been S^ended tS include "said" before ^^^-^^^'^l 
line 9 of the originally submitted clam 18 Support 
fS said amendment can be found in the description on 
page 1 section 3 . 

Claim 23-24 have ' been amended to include "which is a 
fine grained variation in illumination different from 
iSe ?o mode and/or flash to flash" after l^-P^^^^^"' 
support for said amendment can be found m the 
description on page 1 section 3. 

ClaiiQ 25 has been amended to jtoclude "which speckle is 
Sorting from fine grained variations in ill^nation 
rUfferent from mode to mode and/ or flash to ^lash 
after "^pecklT" in line 1 of the originally subm^f 
claim 25 Support for said ainendment can be found m 
the description on page 1 section 3 . 



The examiner objects to" the'" patentabirity 
^^kinTTeference to citation Dl (US 4970546) 
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in nl it is disclosed an exposure control device. An 
obiect as irxdicated in the suninary ic to provxde an 
Sanation • control device capable of provxdxng 
illmdnating light with improved unxformity in 
iitS^y Sid without speckle fringes, by means of 
simSer structure. In the third .paragraph under 
sSaS of the invention, there is a description in 
detail what kind of speckle one trying to 
eliminate/minimize. Beginning on line 55 in said 
paragraph «...for moving a speckle pattern, formed with 
a specific periodicity by the irradiation of a pulse 
texcimix laser beam) " . Continuing in the same 
nSagraph there is much talk about moving^the speckle 
StSrn substantially by a cycle. One ^l^-^-J^^'^^^l 
about periodical speckle coming from the fly s eye 
lens, see first paragraph in section 3. 

The present invention, according to the amended claims 
diBC^osJs a method and apparatus with improved CD for 
patfe?ning a workpiece with P-tially coherent 
radiation having random speckle pattern. 

in Dl a predetermined number of laser pulses are used 
to smoothing out the ' periodical pattern. On the 
contrSr in our invention one is using a nuid^er of 
JasS nasheB which will reduce the random speckle and 
iSereby Srove CP performance in a particular pattern 
on a layer by layer basis. 
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ll^e examiner has founded that the ^^^^^^iJ^^f^^l 
for. all clais. Maybe it is 'J°^^^JSi^^;^^'''f'l''%^^ 
examiner that novelty is destroyed ONLY if EVERY 
SSSent in a patent claixti-^an be found in a single 
cited document^.^MofSSver, said novelty can only be 
destroyed-if-'a'n features in a patent claim ^^^aii_bfi_ 
_£oun-d::lS-^^rg1'^ _gt^odin>ent in saiddggumenty In Dl, 
-^S^l^^f^nS^^Tthe number laser pulses chosen 
will reduce random speckle pattern. What is disclosed 
In m is the reduction of periodical speckle pattern, 
ihich is not equivalent to random speckle pattern^ 
Mosf likely one^has to choose different nuorJ.er of 
laser pulses in order to achive the desired obDect. I 
also fail to see that one. is choosing the number of- 
User pulses on a layer by layer basis. This invention 
allows a layer-by-layer trade off ^^^^^^^^ ^^^^g^^^ 
and printing fidelity. Lowering speckle on critical 
Syers SiiSs tighter CD control. Moreover, what is 
dKSoseU X Dl is coherent pulsed light, see for 
JiSncrclaim 1. we on • the other hgn d are ^ng 
with partially coherent radiation. rPor thatr^aetai i 
would^Srhipp^ to know..'Why the examine^^s^^garding 
gidi^Tl, 11 and not novel? ..^.-^ 

Even if the skilled person would look into Dl. said 
Srson would be unable to apply what is disclosed in 

a coherent laser source for one layer only. 

It is believed that this explanation make it possible 
to issS an overall positive preliminary report If 
tL examiner is of another J^i^T tS 

respectfully request that contact is taken with the 
SrsJj^edVent attorney in order to set a date for 
.a personal interview (PCT Rule 66.6) . 

TSby, May 16, 2005 

Micronic Laser Systems AB 

IP Department ^ — ■ — 



Johan Nordkvist 
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1 1. A rodhod to pattern a workpiecewifli improved a^iuiifonmty using a 

2 partiaUy coherent electromagnetic radiation source having a speckle 

3 pattern which is a fine grained random variation in iUumination 

4 different fiom mode to mode and/or flash to flash, including the 

5 actions of: 
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- determining, for apluralityoflayers in said woilqpiece, CD 
uniformity due to said speckle as a function of a number of 

g e;q)osure flashes, 

9 - determinmg, for a plurality of layers in said workpiece, the 

cost of patterning as a function of the number of exposure 

^ flashes, 

j2 - selecting the number of exposure flashes on a layer by layer 

j3 basis, which gives a predetermined CD uniformity 

j4 corresponding to a preferred cost. 

1 .2. Th6methodaccordingtoclannl,furthercompxisingtbeactionof: 

2 - selecting a combination of values of IhefoUowmg 

2 parameters: 

• radiation bandwidth 



so 



• pulse length 

• radiation flash firequency 

that a calculated illumination non-uniformity (3 sigma) from 



8 

1 3. 



speckle amounts to less than 0.5%. 
The method according to claim 1 or 2. further comprisiiig the action of: 
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2 - detenniamg a value of a slit width so that a calculated 



3 



1 



illumination non-unifonnity (3 sigma) from speckle amounts 



4 to less than 0.5%. 

1 4. A computer assisted apparatus for printing a workpiece with improved 

2 CD uniformity by using a partially coherent radiation source having a 

3 speckle pattern which is a fine grained random variation in 

4 illumination different from mode to mode and/or flash to flash, 

5 comprising: 

6 . logic and resources that determine, for a plurality of layers in 

7 said workpiece, CD uniformity due to said speckle as a 

8 ftinction of the number of exposure flashes, 

9 . logic and resources that determine, for the pluraUty of layers 

in said workpiece, a cost ofpatteming as a function of the 

II number of exposure flashes, 

j2 . logic and resources that select the number of exposure flashes 

j3 . . on a layer by layer basis, which gives a predetermined CD 

j4 uniformity at a minimum of patterning cost. 

1 5. AmethodfprprintingaworkpiecewitiijmprovedCD-umfonnityby 

2 . using a partially coherent radiation source having a speckle pattern 

3 which is a fine grained random variation in iUumination different from 

4 . mode to mode and/or flash to flash, including fee action of: 

5 . changing a number of exposure flashes per surface element 



g on a layer by layerbasis; 



6. A method for printmg a workpiece with miproved CD-uniformity by 
2 using a partially coherent radiation source having a speckle pattern 
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3 which is a fine grained random variation in iUumination different fi-om 

4 mode to mode and/or flash to flash, including the action of: 

5 - dianging a pulse lengfli of exposure flashes per surface 

6 element on a layer by layer basis. 

1 7. A method for printing a workpiece with improved CD-unifonnity by 

2 using a partially coherent radiation source having a speckle pattern 

3 which is a fine grained random variation in illumination different firom 

4 mode to mode and/or flash to flash, including the action of: 

5 . changing a radiation bandwidlliofexposure flashes per 

6 surface element on a layer by layer basis. 

1. 8. A method for printing a workpiece with improved CD-uniformity by 

2 using a partially coherent radiation source having a speckle pattern 

3 which is a fine grained random variation in illumination different firom 

4 mode to mode and^or flash to flash, including the action of: 

5 - changing a slit width of exposure flashes per surface element 

6 on a layer by layer basis. 

1 9. The metiiod according to any one ofclaims 5-8, wherein said changing 

2 is performed for critical layers in flib microelectronic device only. 

1 10. A procedure to improve CD uniformity of a layer exposed in a scanner 

2 or stepper using partially coherent light havmg a speckle pattern, which 

3 speckle pattern is a fine grained random variation in illumination different 

4 from mode to mode and/or flash to flash, including the actions of: 

_5 -providing a scanner system with an optical field larger than 10 mm,. 

6 -increasing one or more ofthe following parameters 

7 a.slitwidth. 
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8 b. laser bandwidtii, 

9 c. pulse length, 

10 d. laser flash frequency, 

11 e. number of flashes, 

12 f, number offlashes per field, 

13 g. number of scan cycles per field 

14 until the calculated illumination non-uniformity (3 sigma) fi-om said speckle 

15 amounts to less than 0.5%. 



1 

1. 
1 

2 3%. 

1 

1 



1 

2 element is used, 



1 



11. The procedure as in claim 10 but with calculated speclde less than 1%. 

12. The procedure as in claim 10 but with calculated speckle less than 2%. 

13. The procedure as claimed in claim 10 but with calculated speckle less than 

14. The procedure according to claim 10, wherein non-polarised Hght is used. 

15. The procedure according to claim 10, wherein refractive optics is used. 

16. The procedure according to claim 15, wherein at least one diffraotive 



17. The procedure according to claim 15, wherdn catadioptiic optics wilh at 
2 least one dififractiveelemait is used. 

1 18. A procedure to improve CD uniformity of a layer exposed in a maskless 

2 seamier usmg partially coherent light having a speckle pattern which is a fine grained 

3 randomvariationinilluminationdiffeientfrommodetomodeand/orflashto flash 

.. compiisingtliOtepsTQf: - - - - ; 

5. . -providing a maskless scanner systems with an optical field larger than 

6 0.5mm, 
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7 - increasing one or more of the following parameters: 
g a. laser bandwidth, 

9 b. pulse length, 

J Q c. number of overlayed flashes, 

11 untU the calculated iUumination non-unifoimity (3 sigma) from said 

1 2 speckle amounts to less than 0.5%. 

1 19. The procedure according to claim 18, wherein said calculated speckle is less 

2- thani%. 

1 20. The procedure.according to claim 18, wherein said calculated speckle is less 

2 than 2%. 

1 21 . The procedure according to claim 1 8, wherein said calculated speckle is less 

2 tiian3%. 

1 22. The procedure according to claim 18, wherein non polarized light is used. 

1 23.AnapparatusforprintingaworkpiecewithimprovedCDunifoimity 

2 including: 
- logic and resources to calculate speckle, which speckle is a fine grained 

random variation in iUumination diflFerent from mode to mode and/or flash to 



3 
4 

5 flash. 



6 - logic and resources that change the number of pulses per surface element on 

7 a layer to layer basis. 

1 24. A procedure for optimizing speckle, which is a fme grained random variation 

2 in.illuniination different from mode to mode and/or flash to flash, during. 

-3 n uTOUtbogr.aphic:prin1iag^n^ - - 

4 .providing a model for the value ofimproved CD uniformity, 

.5. -calculatinglheCDunifoimityasafimctionofthenumberofflashes, 
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6 - providing a model for the rostofprmting with a particular number of 

7 pulses, 

8 - providing logic and resources that select a number of flashes that 

9 corresponds to a preferred result, 

10 - providing a control adapted to change the number of flashes, and 

1 1 - setting said approximately optimized number of flashes. 

1 25. An electronic device with improved ODumfoimity printed with speckle, 

2 which speckle is amounting from fine grained random variation in iUumination 

3 different from mode to mode and/or flash to flash, less than 1% (3 sigma). 

1 26. The method according to claim 23, further including the actions of: 

2 - determining, for a plurality of layers in said workpiece, CD uniformity as a 

3 fiinction of a number of exposure flashes, 

4 - deteimining, for the pluraUty of layers in said workpiece, the cost of 

5 patteming as a function ofthe number of exposure flashes, 

6 - selecting the number of exposure flashes on a layer by layer basis, which 

7 gives a predetermined CD uniformity corresponding to a preferred cost. 
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ABSTRACT 

An aspect of the present inventioD includes a method to pattern a workpiece with 
improved CD uniformity using apartially coherent electromagnetic radiation source. 
Said method including the actions of: detennining, for a plurality of layers in said 
workpiece. CD uniformity as a function of a number of exposure flashes, determining, 
for the plurality of layers in said workpiece, the cost of patterning as a function of the 
number of exposure flashes, and selecting the number of exposure flashes on a layer 
by layer basis, wMch gives a predetermined CD uniformity corresponding to a 
preferred cost. Other aspects of the present invention are reflected in thedetailed 
description, figures and claims. 
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